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Abstract-A large plant nursery routinely dispatches a truck to pick up plants required to 
fill orders. The plants are found in various beds throughout 600 acres. This paper considers 
the problem of efficiently routing the truck to pick up the plants. A mathematical model is 
developed, and solution procedures are discussed. 
INTRODUCTION 
As the size of an operation increases, the more critical is the need for management science 
techniques. The literature (see, for instance, recent issues of Management Science and 
Inferfaces) is replete with examples of dramatic cost savings for operations which become 
more efficient through the use of appropriate algorithms and computers to solve them. One 
particularly appealing example is presented here, where a specific plant nursery operation is 
described, and a model is provided for routing the trucks for efficient retrieval of the plants. 
THE NURSERY OPERATION 
A large nursery in Georgia supplies some 400 types of plants to wholesalers and retailers 
throughout the southern United States. During the peak of its operation, some twenty to 
thirty trucks, each containing as many as 7000 plants, depart from the nursery each day. 
Typically, a new plant is encased in a small (one-gallon) container. Over the one-to-two 
year growth period, it may be repotted into a larger container several times. This industry, 
clearly, is very labor-intensive; the requirement of repotting, handling, and labeling some 
hundreds of thousands of plants is quite substantial. 
The plants are segregated into beds measuring about 20 feet by 50 feet, and each of the 
roughly 12,000 beds contains some 1000 plants of a single variety. An individual plant type 
may have many of these beds devoted to it, although the beds are generally not contiguous 
for a particular plant; they may be widely scattered over the nursery’s 600 acres. 
FILLING ORDERS 
As orders from wholesalers and retailers arrive at the nursery, the dispatcher collects and 
combines them until he decides to send a truck to retrieve the ordered plants. Usually, a crew 
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of five or six employees collects the plants with a tractor pulling two flatbed trailers. Since 
one particular variety of plant is likely located at a number of beds over the 600 acres, the 
dispatcher (or, sometimes, the crew members) decides from which beds to select the plants. 
The crew, upon arriving at a bed, may be very selective in picking the plants; an order from 
an architect must be filled exactly as specified, while an order from a retail store allows more 
latitude in the quality of the plant. The efficiency and cost of the operation is very much 
dependent on the ability of the dispatcher to select the “best” circumstances: deciding when 
a sufficient number of orders has accumulated to justify retrieving the plants; deciding which 
beds should be visited; and selecting the appropriate quality and age of the plant to satisfy 
the customers’ needs. The crew usually determines the route taken to the various beds to 
collect the plants, It is the purpose of this paper to show how an appropriate modelling of 
some aspects of this operation can realize efficiencies in truck routing. 
THE GENERAL MODEL 
The manager combines several orders into a batch invoice, at which time the crew is 
dispatched to retrieve the various plants to fill the batch invoice. Since the plants may be 
found in numerous beds, and there are numerous ways to route a truck, a complex 
optimization problem evolves. The objective is twofold. First, it is desirable to have the truck 
travel a minimal distance. Second, due to age and plant quality, a utility can be assigned for 
including a plant in the batch invoice, and the model attempts to maximize the total utility 
of filling the invoice. The constraints of the model require a feasible route for a truck, and 
they force the proper allocation of plants to the invoice. 
Assume that the location of all the plants is given. One model to determine a procedure 
to fill a single order is the following. 
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where 
1 if the truck goes from location i to location j 
XV = 
0 otherwise 
i 
1 if the truck never leaves location i 
si = 
0 otherwise 
1 t = if the truck never enters location j 
I 
i 0 otherwise 
dV = some measure of distance from location i to location i 
u,~ = the age factor and difficulty of handling 1 unit of plant type k at location j 
Kj = index set of plant types at location j 
(e.g. SEK,+holly, say, at location 1) 
n = number of locations 
U,, = upper bound on number of units of plant type k at location i (given) 
Y,~ = number of units of plant type k picked up at location i 
6, = the demand for plant type k 
R = the set of all tours 
K = the number of plant types in the batch invoice. 
Constraint (1) guarantees that the truck leaving location i goes directly to at most one other 
location. 
Constraint (2) guarantees that the truck enteringj (if it does) comes directly from at most one 
other location. 
Constraints (3) and (4) guarantee that the truck enters and leaves a location before a pickup 
can occur there. 
Constraint (5) makes sure that the demand is satisfied. 
Constraint (6) insures that the truck must leave location 0 (the origin). 
Constraint (7) insures that the truck must enter location 0. 
(Note that ajk and dij must be measured in similar units, e.g., dollars.) 
SOLUTION PROCEDURE 
The truck routing problem, such as the one we have described, is extremely complex. It 
falls into the class of “traveling salesman” problems, but with additional (side) constraints 
for multiproduct demand. This problem also has a “fixed charge” aspect, in the sense that 
once the beds to visit are selected, there is an associated fixed charge for traveling to them. 
This aspect amounts to the traveling salesman problem, where the locations are known in 
advance. A traveling salesman problem may be characterized in the following way. The 
objective is to minimize total distance traveled; there is a single vehicle with unlimited 
capacity, and a demand of one at each node. Fisher and Jaikumar [3] describe four types of 
modifications of traveling salesman heuristics to solve the routing problem; tour-building 
heuristics, where a link between two nodes (beds, in our example) is sequentially added until 
all have been assigned; tour-improvement heuristics, where an initial tour is improved upon 
by replacing a link at each iteration; two-phase methods, where in phase one beds are’selected, 
and in phase two the order of visiting the beds is determined; and incomplete 
optimization, such as branch and bound algorithms which terminate prior to optimality. 
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Magnanti [6] argues in favor of an integer programming procedure to solve the vehicle 
routing problem. Extensions such as Lagrangian relaxation may be effective, although 
insufficient testing on routing problems has rendered the effectiveness inconclusive. 
The plant nursery has a microcomputer, and requires that a problem take no more than 
10 minutes to solve. To obtain the optimal solution on a high-speed computer would be 
time-consuming, so with only a microcomputer available it is not feasible to verify optimality; 
instead, heuristic procedures must be used. 
The structure of the problem allows a partitioning into two subproblems. The first 
subproblem involves selecting the beds from which the plants (to fill an order) will be taken, 
and assigning values to the Y,~‘s (number of plant k from locationj). 
The second subproblem involves routing the truck to pick up the plants at the locations 
identified by the first subproblem. The two subproblems are linked together by the zero-one 
variables si and ti. Once these variables are assigned a value, the plant beds to be visited are 
determined. Solving for the Y,~‘s then becomes a fairly trivial problem of direct minimum cost 
allocation. The knowledge of which beds to visit facilitates the truck routing problem, 
although a traveling salesman problem still remains (but without side constraints). Reason- 
able heuristic procedures are available for traveling salesman problems [l, 2, 3, 5, 71 and, for 
many of this plant’s truck routes, less than twenty beds need be visited. The optimal solution 
can generally be obtained for these smaller problems using a variation of the seminal 
enumerative algorithm of Little et al. [5]. The difficulty then arises in determining how to 
assign values to si and t,. The following discussion addresses this problem within the plant 
nursery setting. 
The nursery is spread over 600 acres and, because of the road patterns, certain areas are 
not directly linked to other areas. It is possible to divide the nursery into approximately 50 
regions, not necessarily disjoint. Each region contains beds with certain plant types, and truck 
movement within a region is relatively easy. 
Once a truck enters one of these regions, as much of the batch-invoice order as possible 
should, generally, be filled from the region. Also, it is noted that many orders contain requests 
for plants found in only one or two regions. Thus, the solution procedure can begin by 
choosing a region containing a low-volume plant, and then adding regions as necessary. The 
overall strategy may be summarized as follows. 
1. Let I be the number of regions and let L = (1,2, . . . , I} be the index set defining all 
regions. Choose an initial set Q c L and let Q, be the index set of all beds contained in the 
regions given by Q. 
2. Solve the following problem. 
Maximize i c alk Ykj 
j-l kcK, 
subject to 
Yjk=O* j+Q, 
0 5 Y,k I u,k, j E Q, 
This is a minimal cost allocation problem and can be solved with a greedy algorithm (without 
iterating). If the solution to this problem is feasible, then the locations where the plants are 
to be picked up is defined. Go to step 4 to obtain the truck route. If the solution is not feasible, 
go to step 3. 
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3. Change Q and Q,, by increasing the number of regions (and therefore the number of 
beds), and return to step 2. 
4. Utilizing branch-and-bound and heuristic procedures, obtain a feasible approximate 
solution to the traveling salesman problem. This will yield the truck route and the algorithm 
will terminate. 
There are a variety of methods to assign indices to Q and Q,. One of the most successful 
is to allow the dispatcher to interactively build these sets by viewing the regions in a color 
graphics form. The currently assigned regions are highlighted in one color, and highlighted 
with another color are those regions which, when added to Q, will satisfy the demand for 
a plant with a previously unfilled request. In addition, the inventory of any region may 
interactively be obtained by the dispatcher at any time. Using this information and personal 
knowledge, the dispatcher can assess the merits of adding certain regions to the route. The 
few seconds of processing enables the dispatcher to see if feasibility has been obtained. (In 
fact, most of the processing time is due to reading the inventory data from a diskette.) 
CONCLUSIONS 
In this paper, we have presented a solution framework for the efficient routing of vehicles 
in a plant nursery. Concomitant to this increased usage of the computer by the plant nursery 
would be a more effective inventory control algorithm, and other ancillary enhancements. 
There are numerous statements in the literature regarding the projected or actual savings 
resulting from this type of modelling and solution procedure. As mentioned by Bodin and 
Golden [4], “. . . . These routing and scheduling procedures have increased productivity, 
improved operations, aided in long-range planning, assisted contract negotiations, made the 
job of scheduler or dispatcher much easier to handle, and helped control the financial impact 
of adverse weather conditions on vehicle utilization.” It is our belief that a proper application 
of our model on the plant nursery described here could result in significant improvements. 
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